Background Endometriosis profoundly impairs women's workplace and household productivity. Objective The aim of this study was to evaluate the impact of elagolix on endometriosis-related workplace and household productivity losses. Methods Data were pooled from two phase III trials of women aged 18-49 years with moderate to severe endometriosis-associated pain treated for 6 months with elagolix 150 mg daily (QD), 200 mg twice daily (BID), or placebo. The Health-Related Productivity Questionnaire was administered at baseline, Month 3, and Month 6 to determine workplace and household absenteeism and presenteeism. Productivity changes from baseline were compared between placebo and elagolix doses via analysis of covariance. Results Workplace analyses included 1270 employed women and household analyses included 1565 women. At baseline, women reported average weekly losses of 16 workplace hours, 8.3 household work hours, 45% of scheduled work, and 64% of planned household chores. At Month 6, treatment with elagolix 150 mg QD or 200 mg BID increased productive workplace hours by 1.7 (95% CI 0.1-3.4; p = 0.041) and 5.4 h (95% CI 3.7-7.1; p < 0.001) relative to placebo, corresponding to gains of 5.2% (95% CI 0.7-9.7; p = 0.022) and 14.6% (95% CI 10.0-19.1; p < 0.001) of scheduled work, respectively. Both elagolix doses improved household productivity at Month 6 by 1.7 (95% CI 0.7-2.7) and 3.1 (95% CI 2.1-4.0) hours relative to placebo (both p < 0.001), with increases of 8.8% (95% CI 3.5-14.1; p = 0.001) and 20.4% (95% CI 15.1-25.6; p < 0.001) of planned household work. Conclusions Treatment with elagolix improved endometriosis-related workplace and household productivity impairments. Trial Registration ELARIS EM-I (NCT01620528) and ELARIS EM-II (NCT01931670)
Introduction
Endometriosis is a common gynecological disease in which endometrial-like tissue grows outside of the uterus in an estrogen-dependent manner [1] . Ectopic endometrial growths are associated with a chronic inflammatory state that promotes disease progression [2] . The condition is found in women of reproductive age, with the highest prevalence in women aged 35-44 years [3] . It is estimated that endometriosis affects approximately 10% of women worldwide [4] , with a recent survey reporting a 6.1% prevalence among women aged 18-49 years in the United States of America (USA) [2] . The most prominent symptom of endometriosis is pain, which can include dysmenorrhea, chronic pelvic pain, lower back pain, dyspareunia, pain at ovulation, dyschezia, and dysuria; women with endometriosis also experience menorrhagia, fatigue, and infertility [5] [6] [7] .
Many studies have found that endometriosis has a substantial negative impact on women's health-related quality of life (HRQOL) [7] [8] [9] [10] [11] . The chronic nature of endometriosis and the prominence of pain symptoms considerably affect all aspects of women's social, emotional, and physical well-being [7] [8] [9] 11] . Women with endometriosis report physical limitations such as impaired mobility, reduced energy, and difficulties performing daily activities and self-care [11, 12] . Furthermore, women commonly report experiencing anxiety/stress, depression, and negative impacts on intimate relationships and reproductive planning [8, [11] [12] [13] . A large, cross-sectional study of women with endometriosis in the USA found that the severity and number of symptoms was inversely correlated with HRQOL [2] . In particular, pelvic pain/cramping during menstrual periods, general abdominal pain, irregular periods, and dyspareunia had the most significant negative impacts on HRQOL [2] .
In addition to the established negative effects of endometriosis on mental and physical well-being, several studies have documented the profound impact of endometriosis-associated symptoms on both employment-based and household productivity [9-11, 13, 14] . Missed time from work (absenteeism) and reduced effectiveness while at work (presenteeism) comprise overall workplace productivity loss. Women with endometriosis reportedly miss, on average, 3-13% of work time owing to absenteeism and lose 14-65% of productive work time owing to endometriosis symptoms, especially pain [10, 11, 14] . Reduced productivity in the household has also been reported; in one study, up to 79% of women reported significant impairments in performing household chores [13] . Moreover, a populationbased survey of women with endometriosis demonstrated a correlation between symptom severity and loss of productivity in the workplace and the household. Loss of workplace productivity in women with endometriosis carries a substantial societal economic burden. In the USA, the indirect cost of workplace absenteeism and short-and long-term disability in women with endometriosis was estimated to be US$2132 per patient per year, which does not factor in losses due to presenteeism [15] . A 2011 study in the USA estimated that monetary losses due to presenteeism were fivefold higher than those due to absenteeism, with approximately US$250 lost per week per patient from presenteeism and US$50 lost per week per patient from absenteeism [10] .
Given the substantial burden that endometriosis symptoms place on women's HRQOL and the high indirect costs to society, management strategies are needed to mitigate productivity loss associated with endometriosis. Estrogen is central to the pathophysiology of endometriosis, promoting endometrial tissue growth and inflammation [1] . Therefore, reduced estrogen can alleviate endometriosis-related symptoms, including pain [16] . Elagolix is an oral gonadotropinreleasing hormone receptor antagonist that results in dosedependent suppression of gonadotropins and ovarian sex steroids [17, 18] . Two phase III trials (ELARIS EM-I and ELARIS EM-II) have demonstrated that elagolix 150 mg once daily (QD) and 200 mg twice daily (BID) improves dysmenorrhea and nonmenstrual pelvic pain in women with moderate to severe pain associated with endometriosis after 3 and 6 months of treatment [18] . This post hoc analysis was conducted on data pooled from the ELARIS EM-I and EM-II trials to evaluate the impact of elagolix on workplace and household productivity in a large population of women with moderate to severe endometriosis-associated pain.
Methods

Study Design and Participants
The data for these analyses were pooled from two international phase III trials (ELARIS EM-I [NCT01620528] and ELARIS EM-II [NCT01931670]) for which the study designs and participant recruitment have been previously described [18] . Briefly, both were randomized, double-blind, multicenter, placebo-controlled studies that evaluated the efficacy and safety of two doses of elagolix (150 mg QD or 200 mg BID) versus placebo in premenopausal women with moderate to severe endometriosis-associated pain [18] . Women aged 18-49 years who received a surgical diagnosis of endometriosis in the previous 10 years and who had moderate to severe endometriosis-associated pain were included in these studies. Women with a clinically significant gynecologic or chronic pain condition unrelated to endometriosis were excluded.
Women were randomly assigned 2:2:3 to receive elagolix 150 mg QD, 200 mg BID, or placebo for 6 months, with a 12-month follow-up period, or optional enrollment in a 6-month open-label extension period. The primary endpoints in both studies were the proportion of women with a clinical response (clinically meaningful reduction in pain score and decreased or stable use of analgesics) for dysmenorrhea and nonmenstrual pelvic pain at 3 months [18] . Patient-reported outcomes were measured as secondary outcomes in these studies. The present study evaluated change from baseline to each visit during the 6-month treatment period (Months 3 and 6) in workplace and household productivity per the Health-Related Productivity Questionnaire (HRPQ) [19] . Outcomes of patients in the extension period were not evaluated in this analysis.
Health-Related Productivity Questionnaire (HRPQ)
This post hoc analysis was performed to evaluate data from the administered HRPQ at baseline and during Months 3 and 6 of treatment. The HRPQ is a 9-item questionnaire that assesses a patient's ability to perform employmentbased work and daily activities in the home, measuring absenteeism (work time missed) and presenteeism (reduced work effectiveness) because of endometriosis in the workplace and in the household [19] . Patients who were employed part-or full-time and had scheduled work hours in the week prior to survey completion were eligible to respond to questions regarding workplace productivity. All patients with planned household work hours in the week prior to taking the survey, regardless of employment status, could answer questions related to household productivity. Respondents were asked to report scheduled employment-based work hours and planned household work hours in the previous week, which included household activities such as cooking, cleaning, gardening, and repairs.
The HRPQ was modified to be specific to endometriosis, asking study participants, "Did endometriosis-associated pain or its treatment(s) keep you from working any of your scheduled hours during the last week?" If the answer was "Yes," respondents gave the number of hours missed. To assess workplace presenteeism, study participants were asked, "For the hours that you did work during the past week, how did endometriosis-associated pain or its treatment(s) impact your work output?" Response options were on a 0-100% scale in which 0% indicated that endometriosis-associated pain/treatment had no impact on how much was accomplished and 100% indicated that endometriosis-associated pain/treatment prevented the respondent from accomplishing anything. The hours lost to presenteeism were then calculated as:
The same questions were asked regarding the impact of endometriosis-associated pain or treatment on household productivity due to absenteeism and presenteeism. Patient responses were used to calculate the number of employmentbased and household work hours spent away from workplace/ household work (absenteeism), productive hours lost while working in the workplace/household (presenteeism), and total hours lost owing to absenteeism and presenteeism in the workplace/household. The percentages of scheduled employmentbased work hours and planned household work hours lost due to absenteeism, presenteeism, and in total, were calculated.
Statistical Analyses
Analyses were performed with SAS version 9.3 (SAS Institute, Cary, NC, USA) using the UNIX operating system. The data were analyzed as observed, without imputation for missing responses. The patients included in these analyses were those who were randomized and received at least one dose of placebo or elagolix (modified intent-totreat population). Patients who responded to the question of absent and worked hours in the workplace at baseline were included in workplace productivity analyses. Patients who reported having planned household work hours in the week prior to taking the survey were included in household productivity analyses. Least squares (LS) means were calculated for the number and percentage of hours lost to absenteeism, presenteeism, and in total at baseline. Productivity gains at Months 3 and 6 of treatment were calculated as − 1 × LS mean change from baseline in productive hours or the percentage of planned/scheduled productive hours. Differences between elagolix dose groups and placebo at baseline were assessed using an analysis of variance (ANOVA) model with treatment as the main effect. At Months 3 and 6 of treatment, differences between elagolix dose groups and placebo were assessed using an analysis of covariance (ANCOVA) model with treatment as the main effect and baseline productivity loss as a covariate. The corresponding 95% confidence intervals (CIs) and p values were calculated. P < 0.05 was considered statistically significant.
Results
Baseline Characteristics
A total of 1270 women with moderate to severe endometriosis-associated pain responded to workplace productivity Presenteeism = actual hours worked × (% impact on work output∕100).
questions in this analysis, including 556 treated with placebo, 359 treated with elagolix 150 mg QD, and 355 treated with elagolix 200 mg BID, representing 75% of all randomized patients. The baseline demographics and clinical characteristics for these patients were similar between treatment groups ( Table 1 ). The average patient age was approximately 32 years in all treatment arms, and scores were very similar or the same among groups for dysmenorrhea (2.1 [SD 0.5]), nonmenstrual pelvic pain (1.5-1.6 [SD 0.5]), and dyspareunia (1.5 [SD 0.8-0.9]). At baseline, mean total hours of workplace productivity lost in the previous week (16 h) was similar among groups, with 3 h lost owing to absenteeism and 13 h lost owing to presenteeism. Across treatment arms, women reported an average loss of 45% of scheduled workplace productivity, with fourfold greater loss due to presenteeism than the loss due to absenteeism. Household productivity data were available for 1565 women who reported having planned household work hours in the week prior to taking the survey, representing approximately 93% of all randomized patients (681 received placebo, 437 received elagolix 150 mg QD, and 447 received elagolix 200 mg BID; Table 1 ). On average, 8.3 h of household productivity were lost at baseline across treatment groups, with 4.7 h lost due to absenteeism and 3.6 h lost due to presenteeism. Women lost 64% of planned household productivity hours at baseline, with 38% loss due to absenteeism and 26% loss due to presenteeism. Therefore, absenteeism accounted for 60% of the total planned household productivity lost, whereas presenteeism accounted for 40% of planned household productivity lost. Table 1 Baseline characteristics of patients in analysis (modified intent-to-treat) a a Women employed full-or part-time with scheduled work hours in the week prior to taking the survey were included in workplace productivity analyses (n = 1270); women with planned household work hours in the week prior to taking the survey, regardless of employment status, were included in household productivity analyses (n = 1565) b Pain responses were none = 0, mild = 1, moderate = 2, and severe = 3; group mean is based on the daily average score over the 35-day interval c Pain responses were none = 0, mild = 1, moderate = 2, severe = 3, and not applicable; group mean is based on the daily average score over the 35-day interval. Subjects responding 'not applicable' for the entire 35-day interval are excluded for a total of 1384 subjects with baseline dyspareunia pain responses BID twice daily, BMI body mass index, LS least squares, N/A not applicable, QD once daily, SD standard deviation, SE standard error 
Impact of Elagolix on Employment-Based Productivity
Women given placebo gained a total of 5.9 productive workplace hours per week by Month 3 and 6.9 h by Month 6 (Fig. 1 ). Both doses of elagolix were associated with significantly greater improvements than placebo in productive workplace hours per week at Months 3 and 6 of treatment ( Fig. 1) . At Month 3, women gained 2.4 productive workplace hours (95% CI 0.9-3.9; p = 0.002) and 4.7 productive workplace hours (95% CI 3.6-6. Treatment with elagolix 150 mg QD or 200 mg BID was associated with significant gains over placebo in the percentage of scheduled employment-based work hours actually worked (Fig. 2) . At Month 3, women treated with elagolix 150 mg QD and 200 mg BID had gains of 6.6% (95% CI 2.7-10.4) and 11.6% (95% CI 7.7-15.5), respectively (both p < 0.001), of scheduled employment-based work relative to placebo. At Month 6, elagolix 200 mg BID was associated with a gain of 14.6% of scheduled work relative to placebo (95% CI 10.0-19.1; p < 0.001), versus a 5.2% gain with elagolix 150 mg QD (95% CI 0.7-9.7; p = 0.022). Reduced absenteeism significantly contributed to productivity gains per scheduled work with both doses of elagolix at Month 3 and with elagolix 200 mg BID at Month 6. Decreased presenteeism accounted for 59-66% of total workplace gains relative to placebo in scheduled work at Months 3 and 6 of elagolix treatment. Gains in the percentage of scheduled workplace hours from decreased presenteeism were significant with elagolix 150 mg QD and 200 mg BID at Month 3 (p = 0.021 and p < 0.001, respectively) and elagolix 200 mg BID at Month 6 (p < 0.001).
Impact of Elagolix on Household Productivity
In addition to improved workplace productivity, women given placebo also gained a total of 3.0 productive household hours per week by Month 3 and 3.1 h by Month 6 (Fig. 3 ). Both elagolix doses were associated with improvements Fig. 1 Gains in productive workplace hours per week at Months 3 and 6 of treatment. Mean hours gained in workplace productivity from baseline, defined as − 1 × LS mean change from baseline in hours of workplace productivity lost due to absenteeism, presentee-ism, and total hours lost (absenteeism + presenteeism). ***p < 0.001; **p < 0.01; *p < 0.05. BID twice daily, CI confidence interval, LS least squares, PBO placebo, QD once daily in household productivity beyond the gains observed with placebo. Relative to placebo, patients treated for 3 months with elagolix 150 mg QD gained 1.4 productive household hours per week (95% CI 0.5-2.3; p = 0.004), and patients treated with elagolix 200 mg BID gained 2.0 productive household hours per week (95% CI 1.1-3.0; p < 0.001). At Month 6, household productivity gains with elagolix 150 mg QD and 200 mg BID were 1.5-and twofold higher than placebo, respectively. A total of 1.7 (95% CI 0.7-2.7) and 3.1 (95% CI 2.1-4.0) productive household hours per week were gained relative to placebo with elagolix 150 mg QD and 200 mg BID, respectively (both p < 0.001). Women treated for 3 months with both elagolix doses had significant increases in productive household hours from reduced absenteeism (p < 0.001). At Month 6, productive household hours increased by 1.0 (95% CI 0.4-1.7) and 2.0 (95% CI 1.4-2.7) hours relative to placebo due to reduced absenteeism with elagolix 150 mg QD (p = 0.003) and 200 mg BID (p < 0.001), respectively. Gains in household productivity due to reduced presenteeism were less pronounced but still significant for women treated with elagolix 200 mg BID at Month 3 (p = 0.049) and both doses at Month 6 (150 mg QD, p = 0.016; 200 mg BID, p < 0.001).
There were also large gains in the percentage of household productivity per planned household work at both timepoints with both elagolix doses ( Fig. 4) . At Month 6, elagolix 150 mg QD was associated with a gain of 8.8% of planned household productivity relative to placebo (95% CI 3.5-14.1; p = 0.001), while elagolix 200 mg BID was associated with a gain of 20.4% relative to placebo (95% CI 15.1-25.6; p < 0.001). Reduced absenteeism at Month 6 corresponded to a gain of 4.7% (95% CI 0.6-8.8; p = 0.024) of planned household productivity relative to placebo with elagolix 150 mg QD and 13.0% (95% CI 8.9-17.0; p < 0.001) with elagolix 200 mg BID. Decreased presenteeism accounted for a gain of 4.7% of planned household productivity relative to placebo (95% CI 1.7-7.6; p = 0.002) in women treated with elagolix 150 mg QD and 7.5% (95% CI 4.6-10.4; p < 0.001) in women treated with elagolix 200 mg BID at Month 6.
Discussion
This analysis of pooled data from two large, placebo-controlled trials [18] demonstrates that treatment with elagolix significantly improves productivity in both the workplace and household among women with moderate to severe endometriosis-associated pain. Previous research has established a clear negative impact of endometriosis-associated pain on women's HRQOL and productivity [7] [8] [9] [10] [11] . Importantly, this study is among the first to demonstrate that a treatment which effectively manages endometriosis pain also positively impacts patients' ability to productively participate in the workforce and perform household tasks. In the current study, women with moderate to severe endometriosis-associated pain experienced a significant loss in workplace and household productivity prior to treatment that approached a total of 45% of scheduled employment-based work and 64% of planned household work. The impact of endometriosis on women's daily lives is underscored by the 20% greater loss in household productivity than workplace productivity. These results are generally consistent with previous studies that found substantial productivity impairments in women with endometriosis [10, 11, 13, 14] . At baseline, women in this study lost an average of 16 h of workplace productivity and 8 h of household productivity per week. The magnitude of productivity losses reported here by women with endometriosis are greater than those reported by patients with other chronic pain conditions. Patients with rheumatoid arthritis reported a total of 29% workplace productivity loss and 41% impairment of daily activities, and patients with inflammatory bowel disease reported an overall 21% work productivity loss and 30% activity impairment [20] . At baseline, common pain conditions, such as headache and back pain, were associated with 3.5 and 5.3 h of productive work time lost per week, respectively [21] , significantly less work time lost than reported here. Impaired productivity not only stems from pain-related endometriosis symptoms, but also from moderate/severe symptoms such as fatigue, heavy menstrual bleeding, spotting/bleeding during periods, irregular periods, and bloating. Moreover, women with endometriosis have a significantly higher incidence of comorbid conditions [22] . The presence of comorbid ovarian cysts, depression, and hypertension were found to be strong predictors for workplace and household productivity losses, suggesting that comorbid conditions may increase productivity loss.
Treatment with elagolix was associated with significant gains in productive workplace hours, equivalent to restoring 1-1.5 work days per week, versus 0.75 work days per week with placebo. The impact of endometriosis on women's participation in the workforce may be underappreciated if based solely on time absent from work. Decreased efficiency and productivity while at work due to endometriosis-related symptoms (presenteeism) heavily contributes to productivity losses. In the current study, workplace productivity losses at baseline due to presenteeism were approximately 4-4.5 times as large as losses due to absenteeism. Previous studies in women with endometriosis have documented 2.3 [10] , 2.7 [11] , and 4.8 [14] times greater work productivity losses from presenteeism. These findings suggest that women with endometriosis are present at work despite experiencing symptoms that limit their ability to effectively perform work [10, 11, 14] . Symptoms that predict poor performance at work include dysmenorrhea, nonmenstrual pelvic pain, dyspareunia, irregular periods, abdominal pain, incapacitating pain, and depression [13, 14] . Unlike workplace productivity losses, household productivity losses at baseline due to absenteeism and presenteeism were similar, with approximately 1.4 times greater productivity loss due to absenteeism than presenteeism. The ratio of household absenteeism to presenteeism reported in the current study is similar to that reported previously (ratio 1.1) in women in the USA with endometriosis.
Importantly, women treated with elagolix 150 mg QD and 200 mg BID reported substantial improvements in workplace and household productivity, including productivity gains due to reduced absenteeism and presenteeism, compared with women given placebo. Significant gains in both workplace and household productivity were reported by Month 3 of treatment with elagolix and persisted or were greater by Month 6. Generally, elagolix 200 mg BID was associated with greater improvements in productivity than elagolix 150 mg QD. By Month 6, treatment with elagolix 200 mg BID was associated with a 15% increase in workplace productivity per scheduled work hours and a 20% increase in household productivity per planned household work hours, relative to placebo. Taken together, these patient-reported results suggest that elagolix 150 mg QD and 200 mg BID effectively mitigate the negative impact of endometriosis symptoms on employment-based and household productivity.
Elagolix 150 mg QD and 200 mg BID reduce dysmenorrhea and nonmenstrual pelvic pain [18] , symptoms which, when moderate or severe, are strongly correlated with greater productivity losses [14] . In ELARIS EM-I and EM-II studies, 42.1-46.4% of women taking elagolix 150 mg QD and 72.4-76.9% of women taking elagolix 200 mg BID experienced clinically meaningful pain reduction and decreased or stable use of rescue analgesics for dysmenorrhea over 6 months of treatment, compared with 19.6-25.4% of women receiving placebo [18] . Women receiving both elagolix doses also experienced pain reduction and reduced analgesic use for nonmenstrual pelvic pain (45.7-51.6% with elagolix 150 mg QD; 54.5-62.2% with elagolix 200 mg BID; 34.9-40.6% with placebo) [18] . The current analysis was not designed to correlate pain improvement scores with productivity improvements, and it is therefore possible that the impact of elagolix on non-pain symptoms may also contribute to improvements in productivity. Beyond pain, fatigue is a highly prevalent symptom of endometriosis, which may be intense and bothersome [8, 23, 24] and has been associated with impairments in workplace, household, and social activities [14, 25] . Treatment with elagolix 150 mg QD and 200 mg BID significantly improves fatigue at both 3 and 6 months of treatment in women with moderate to severe endometriosis-associated pain [24] . Fatigue and endometriosis-associated pain symptoms are interrelated, with individual pain symptoms (dysmenorrhea, nonmenstrual pelvic pain, dyspareunia) increasing fatigue [24] . Thus, improvements in endometriosis-associated pain and fatigue from elagolix treatment may both play a role in improving productivity.
The present study is the first to assess whether an endometriosis treatment can address the substantial productivity impairments women experience, but the study has some limitations. As previously discussed, the HRPQ is a selfreported instrument and therefore results may suffer from recall bias and reporting errors. For example, reporting on planned household chore hours for the previous week relied on a priori prediction of the number of hours respondents intended to spend on household chores, whereas scheduled work hours for the previous week was based on empirical knowledge. The bias may be mitigated given that the recall period was only 1 week. The HRPQ has good construct and criterion validity but requires further research and reliability testing [19] . The productivity outcomes reported here were from a large cohort of patients in a randomized, wellcontrolled clinical trial, and therefore may not be representative of the general population of women with endometriosis. Furthermore, the study was not designed to compare outcomes between the two doses of elagolix, only to compare outcomes against placebo. While many sociodemographic and health characteristics can influence a person's participation in the workforce, this study did not evaluate the impact of these factors on productivity outcomes. Although women treated with placebo reported higher-than-expected productivity improvements, the productivity gains associated with elagolix treatment remained significantly higher than placebo (1.2-to 2-fold higher). It is possible that the effects observed with placebo were related to use of analgesic rescue medication during the trial.
Despite these limitations, the results reported herein provide needed insight as to the management of workplace and household productivity impairment in women with moderate to severe endometriosis-associated pain. Moreover, these data are important to dispel negative perceptions of women with endometriosis, such as exaggeration of symptoms [26] and using endometriosis as an excuse to avoid work. The data in this study argue against the idea that women with endometriosis are simply avoiding work and further reinforce the pervasive and debilitating nature of endometriosis.
Overall, elagolix appears to reverse endometriosis-related productivity losses, enhancing women's HRQOL and reducing the indirect costs of endometriosis.
Conclusion
Women with moderate to severe endometriosis-associated pain experience substantial impairments in workplace and household productivity, both in work hours missed and reduced work effectiveness due to symptoms. Treatment with elagolix 150 mg QD or 200 mg BID significantly improves workplace and household productivity among women with moderate to severe endometriosis-associated pain. Further research is needed to assess long-term treatment with elagolix as a management strategy for endometriosis-associated pain and concomitant productivity loss.
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